Purpose -The aim of this work is to check the influence of some sewing parameters upon the tensile behaviour of a textile assembly (assembly of two woven samples by a seam). Design/methodology/approach -This analysis was carried out according to the approach "experimental design". The studied parameters are the sewing thread, the stitch type, the stitch density, the needle size and the edge of seam. The targeted answers are drawn from the tensile test on the assembly: breaking strength, breaking elongation and deformation energy. Findings -In order to highlight the behaviour of the seam, a load-extension curve for the stitch line is established: it represents, for a value of a given tensile effort, the difference between the displacement of the assembly and that of the fabric. From this curve, breaking elongation as well as the deformation energy are determined. Originality/value -An "experimental design" was carried out and analysed for two types of assembly (warp and weft). Linear models predicting each response were established.
Introduction
Sewing a textile fabric is a very pointed operation which is governed by a broad spectrum of parameters like the type of sewing machine, the stitching velocity, the structure of sewing operation, the method and the ability of worker, the selection of stitching parameters, etc. seam appearance (straightness, proper stitches) and also seam tensile performance (strength, elasticity) is the result of combination of all this factors. In fact, many typical sewing problems occur such us skip stitches, thread breakage, fabric damage, faulty seam appearance (Inui and Yamanaka, 1998) , needle damage, what reduces productivity and seam quality. The adjustment of all sewing parameters will be a must to ensure quality. Nevertheless, the lack of understanding of the rule of each factor, and primarily of the interaction impact between factors limit our ability to optimize right selection of sewing parameters. Therefore, we present an experimental study which aims to analyze and quantify the influence of some sewing parameters upon the tensile behaviour of a textile assembly. The investigation is carried out according to the approach "experimental design". The experimental design will have to determine, among the chosen factors, those which have an influence on the result as well as the nature of these influences (direction and intensity) (Souvay,1995) . The information available from such a study will allow us to understand and predict the behaviour of sewn fabric under uniaxial extension.
Theoretical background
Influenced parameters on tensile behaviour of textile assembly The object of this research is the assembly of two woven samples by a seam. Hence, any change in the tensile behaviour of textile assembly can be attributed essentially to:
. The material to be assembled: during sewing process, the fabric is subjected to various mechanical solicitations (shear, compression, extension) (Postle,1998; Mahar et al., 1989) , then fabric properties (composition, weave, thickness, strength) will govern its "sew ability" and also seam performance (Sauri et al., 1987) . Stitch stability depends on the rigidity of material (Tartilaite and Vobolis, 2001a) , the deformation of sewn fabric is a consequence of the internal frictions of fabric and of the relaxation process of cloth after the sewing process (Tartilaite and Vobolis, 2001b) . It has also been proved that fabric bending property is an important factor influencing puckering of the seam (Lindberg et al., 1960) .
. The sewing thread: the use of a suitable sewing thread is fundamental to ensure the desired properties for the assembly. However, sewing thread properties (tensile performance, compactness, heat-resistance, abrasion resistance) are given by its structural parameters (thread type, twist, thread size). In fact, the type of thread determines the severity of abrasion (yarn-metal friction) which is crucial for seam durability. Additionally, during sewing, the elongation and the toughness of the thread reduces considerably, it was found that cotton threads exhibit higher strength loss than polyester threads (Sundaresan et al., 1997) . The fineness of thread is expected to affect the strength of seam: the thicker thread provide a better seam strength, nevertheless it requires the use of a thicker needle which may damage the fabric. The number of layers of the sewing material: the assembly is expected to be more resistant. Nevertheless, strength reduction in sewing thread grows with the augmentation of the number of layer of fabric since the thread suffers higher coefficient of friction (Sundaresan et al., 1998) .
. The geometry and the size of sewing needle: damage of the structure of the fabric occurs when the fabric is penetrated by the needle. The needle can penetrate at any point in the fabric, it can, therefore, deform the fabric loops or cause the fabric damage: the structure of the fabric can be deformed beyond its elastic limit or can literally be destroyed. The choice of the right needle (size, point) is fundamental to ensure assembly quality. However, fabric characteristics (tightness, weight, number of layer) and sewing thread properties (fibre type, fineness) are two crucial factors affecting the selection of the right needle. The type of stitch and its density: there are a wide variety of stitches by which the use depends on the function of the seam and the place where it appears in the clothing part. The elongation and the strength of a sewn fabric can be affected by any change in the form of seam because of the difference of the interlacement of thread with fabric for each stitch geometry (over edge stitching, cover stitch IJCST 18,4 seams). The use of the most suitable stitch density depends on the material to be sewn and to the desired seam properties. Very high stitch densities do not always give a good results, they may bring with them the risks of damage of the structure and the puckered seam.
. The edge of seam: yarn in the fabric can pull out of the seam from the edge. The adjustment of this parameter is necessary to minimize seam slippage. However, this choice should take into account the fabric properties (smoothness, type of filaments), the sewing thread and the stitch parameters.
Experimental design
The purpose of experimental design is to rule out the alternative causes, leaving only the actual factor that is the real cause. It is based on the principle of a factorial experimentation resting on the simultaneous variation of the factors. The treatment of the results is done using a multiple linear regression and the analysis of the variance. This strategy entails:
. Definition of the targeted response.
. Selection of the parameters susceptible to influence this response and the definition of theirs levels of variation which is crucial for the efficiency of the plan. The distance between levels should not be high to not dissimulate the existence of a non linearity's but not very little what omit the influence of factor. The high level is generally noted (max þ 1) and the lower level (min 2 1).
.
Choice of kind of design:
The complete factorial design which combines, in an exhaustive way, all levels of parameters; or the fractional plan (Taguchi method) which allows the reduction of the number of tests (Souvay, 1995) .
. Realization of the tests according to the combination of parameters and theirs levels given by the design plan (planned manipulation).
. Treatment of results which consists of the determination of the effects (influences) using the principle of linear model as given in equation (1). The response is modelled by:
where Y, the response; X i , factor (parameters and interaction between them); a i , coefficients of model (effect of factor X i ) According to a student criterion (Demonsant, 1996) , based on the evaluation of the variance of repeatability (which measures the experimental dispersion), the factors which the influence is of the order of the noise of measurement will be eliminated from the model.
Load-extension curve for the stitch line
The stitch line is expected to play an important role in the tensile behaviour of the assembly. In fact, the deformation of the assembly is a mixture of the deformation of the fabric and that of the seam. Then, in order to highlight the seam behaviour, we establish an extension-load curve for the stitch line by making the difference, for a given force, between the displacement of the assembly and that of the fabric. Consequently, tensile behaviour of the fabric before its sewing needs to be done.
Influence of sewing parameters

Materials and methods
In the present work, the investigation was carried out upon a plain weave fabric with the weight per square meter 109.72 gm 2 2 , the warp is a polyester textured filament (17 Tex, 24 Ends cm 2 1 ) whereas the weft (16 Picks cm 2 1 ) is composed alternatively by cotton spun yarns (33 Tex) and polyester spun yarns (50 Tex). Taking into account theses characteristics, the fineness of spun sewing threads was adjusted to 30 Tex and we choose a needle with small ball point shape. Then, five parameters have been researched: the needle size, the edge of seam, the stitch density, the stitch type and the sewing thread (fibre type). In order to reveal their influences, two levels were selected for each parameter, the details of these parameters are given in Table I .
To avoid any dissimulation of the effects, we choose the complete design plan 2 5 (32 tests), this means that we do not neglect any interaction (the model include all parameters and all the interaction between them). Each test was repeated three times to take into account experimental dispersion. As far as seam was done following the two directions of fabric, we have established a design plan for each type of assembly: warp assembly (WRi code) and weft assembly (WFi code). In total we prepared 192 samples. In Table II we give the design plan for weft assembly which listed the samples which will be subjected to the tensile test. For example, WF 12 means that this is a weft assembly sample sewn following the combination of needle Nm 7O, edge of seam 5 mm, stitch density 6 stitches cm 2 1 , lockstitch, cotton spun sewing thread. The seams were made with one layer of fabric according to the international standard ISO 13935-1 (seam rupture using the strip method). A Brother industrial lockstitch machine (model SL 755-403-A) with Schmetz needle 134 SES (Nm70, Nm80) and a Brother chainstitch machine (model DT4-B 261) with Schmetz needle UY 128 GAS (Nm70, Nm80) were used for these trials.
Before investigating assembled samples, a tensile test on fabric (in warp and weft direction) was carried out using the French norm NF G 07119 (strip test method).
Results and discussion
Analysis of rupture Experimentation reveals 4 types of assembly failure. In fact, in the vicinity of seam, a first visual analysis of the displacement of yarns made it possible to bring out two major phenomena occurring before the rupture of assembly: contracting of seam or seam slippage what is given, respectively, in Plate 1.
We had found that the contracting of seam has always induced the breaking of the sewing thread (Type 1) without any damage of the sample, whereas when seam slippage occurs, the seam is still intact but yarns in the fabric pull out of the seam from the edge (Type 2), sewing thread has ruptured leaving holes due to yarn slippage (Type 3), damage of the fabric along the stitch line (Type 4). Plate 2 shows these types.
For Influence of sewing parameters when the stitch density level is low, the rupture type1 take place (32 samples: WF17-WF32 and WR17-WR32). When the stitch density level is high and the seam edge level is low the rupture type 2 occurs (16 samples: WF9-WF16 and WR9-WR16). Whereas, at the high level of both stitch density and the edge of seam, either the ruptures types 2, 3, or 4 have been proved to happen (16 samples: WF1-WF8 and WR1-WR8) as given in Table III. When the stitch density has its minimal value, a rupture of the sewing thread is constantly noted: the weak friction between the sample and the seam produces the contracting of the seam letting appear "holes" which progressively become more significant with the increase of the effort, the stitch line is prone to a longitudinal deformation which grows until its rupture. Whereas, when stitch density grows (high level), there is a strong adherence seam-sample, the stitch line piles up the weft of the sample and dice the small efforts, the warp has to slip from the edge (yarn slippage). Consequently, at the low level of the edge of seam, yarn in the fabric rapidly pull out of Type 2: nevertheless by tearing of the sample, when the slip takes the top (depends on the size of needle, on the stitch geometry).
. Type 3: yarn slippage is yet difficult, sewing thread breaks.
. Type 4: the stitch line is more resistant than the sample; it is strongly opposed to this slip, what shear the sample at the level of seam and induce damage of the sample. We note sometimes a little rupture of the sewing thread.
The variation in assembly failure is attested by the differences in the load-extension curves: abrupt rupture (type 1) of the curve and progressive isolated breakage due to seam slippage (type2, 3, 4) which is taken in Figure 1 . It also reveals the influence of the stitch density and the edge of the seam upon the tensile behaviour of the assembly.
Extension-load curve for the stitch line Figure 2 gives an example of an extension-load curve for stitch line (warp) by which we assess the differences in the seam behaviour: for assembly with low stitch density we find identical curves for the stitch line which prove correlation observed before. In addition, the influence of the edge of seam is revealed for high stitch density: before rupture, for a given force, displacement is more important at the low level of the edge of seam than at its high level which demonstrates that edge of seam inhibits yarn slippage. It is also clearly shown that, for a given force, seam is highly deformed at its low level density (undulation of seam) than at its high level one.
Analysis of experimental designs
For the analysis of experimental designs, we targeted five answers: from assembly load-extension curve we raise the breaking strength (Fmax), the breaking elongation (Almax) and the energy (W). To determine the most depending parameters upon the behaviour of the seam, we release from the extension-load curve for the stitch line, the The found results show that some interactions (even until order 4) are more influential on the answer than some principal factors. Figure 3 gives two examples of warp assembly results relating, respectively, to the deformation of the stitch line (ALDiffmax) and to the breaking strength of assembly (Fmax), the digraph classes the effects by order of importance. The dotted line determines, according to the criterion of Student, the non influential effects (those which are on the left of the line).
. Contrary to expectation, the stitch geometry does not have any influence on the breaking strength (Fmax), whereas it proves meaning on the deformation of the seam (ALDiffmax). In fact, the deformation of seam increases as the stitch passes from lock stitch to double chain stitch what is in conformity with the characteristics of these two stitches: the lock stitch pile up better seams whereas doublechain stitch gives more elasticity due to its way of formation.
. The interaction density/edge of seam is also revealed to be a decisive parameter and has a crucial role on the behaviour of assembly: the effect of the variation of the stitch density is closely dependent on the level of the edge of seam; this result confirms the types of found ruptures. The results found in warp assembly are similar to theirs of weft assembly. However, there are some differences which attest those influences of fabric construction: the differences between yarns (twist, size, yarn fibre, density) affect the frictional behaviour of seam (strength and slippage).
In Table IV , we have recapitulated the three most significant effects relating to the five answers targeted. 
Influence of sewing parameters
Linear models predicting the response Using the Student criterion, we could detect the factors of which the effect proved to be real and we eliminated the other factors from the model which influence is of the order of the noise of measurement. For each answer, a linear model is established and identified. We give in Figure 4 two examples of models predicting the deformation energy of the stitch line WDiff in the warp and in the weft direction. This figure, shows, for each test (32 tests), the maximum experimental answer, the minimal experimental answer, the response of the complete model with 32 coefficient which takes into account all the factors and all the interactions and which coincides as well with the average of the experimental results, and finally the model with 12 coefficients obtained by eliminating the non significant effects. The exam of the curves demonstrates that the model given with the 12 significant coefficients presents a very little variation, compared to the complete model, and it makes it possible to give results included in the beach of the experimental values. Then, the models obtained by the experimental designs appear to predict well the tensile behaviour of our sewn fabric.
Conclusion
The focus of our study was the examination of the influence of selected sewing parameters upon the tensile behaviour (strip test method) of a fabric assembly. The investigation was carried out, upon a given fabric, using the approach of experimental design. Experimentation has revealed two major phenomena occurring before rupture (contracting of seam or seam slippage) and four standards of rupture of sewn samples. Analysing experimental designs for each type of assembly gives us very interesting results: it confirms the high influence of sewing thread (fibre type) and demonstrates as well the importance of interactions between factors, in particular, the interaction between stitch density and the edge of seam. Results in warp direction proved some differences with weft direction, then, fabric construction affects the behaviour of sewn fabrics. Linear models predicting each response were established by using significant factors, their confrontation with experimental results shows a very little fluctuation (in some points). This can be explained by the variation of the dispersion of experimental results which affects the calculus of the coefficients. 
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